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knowledge of the formative temperature and pressure condi-
tions; the sources, volumes, and flow rates of solutions; and
the concentrations of elements and isotopes within them is
much greater than heretofore. The constraints of this knowl-
edge have led to much more rigorous and definitive concepts
of ore genesis.

Ore bodies of the future will be increasingly difficult and
expensive to find; accordingly, the better our understanding
of known deposits, the more efficient and rational our search
for as yet undiscovered ones will be. Our quest for knowledge
should continue both in the field and in the laboratory; it should
be regional as well as local, and genetic as well as descriptive.
The general problems to be solved are as follows:

1.  What are the sources of the metals and also of the water,
the halogens, the alkalis, and sulfur?

2.  What are the "mechanisms" and conditions of mobiliza-
tion, transport, and concentration of different elements and
compounds?

3.  What controls deposition?

MAPS AND MAPPING

Geologic maps (and reports), prepared either solely by the U.S.
Geological Survey or in conjunction with various professional
societies or state agencies, have been the foundation of rea-
soned exploration as contrasted to the random probings of pros-
pectors.* The maps are available at a variety of scales covering
continents down to 7 Vsz-minute quadrangle size or smaller. The
maps emphasize different features (lithology, structure, bed-
rock, surficial deposits, as well as topography and culture). The
continental, national, and regional maps are essential for vis-
ualizing gross geologic relationships and serve as the initial step
in planning an exploration program for as yet undiscovered ore-
bearing provinces or districts. On a different scale, quadrangle,
or mining district, maps are invaluable for "field orientation"
and are the point of departure for more detailed and specialized
studies undertaken by the exploration geologist. The impor-
tance of good geologic maps and compilations to an exploration
program cannot be overemphasized.

A good map is always useful, but geologic concepts change,
and the mapper's tools continually evolve. Thus, other things
being equal, today*s product is more accurate, more compre-
hensive, and more useful than yesterday's. Because of this and
because many areas have been geologically mapped only in a
reconnaisance manner, it is essential that the government
maintain a strong and active mapping (and sampling) program.

The science and art of making a good map require far more
than physical labor, cartographic skills, and a knowledge of
rocks; they demand discrimination, intuition, curiosity, and
persistence in determining not only what the physical rela-

*It is not intended to belittle the prospector or the role that he plays
in mineral discovery. His contributions in the past have been great
indeed, and they continue to be significant in the initial stages of search
and discovery.

tionships are but what they mean. There is no substitute for
experience, and it should be a definite management policy to
screen, train, and develop promising personnel who have a
demonstrated ability to produce good maps. It is my opinion
that geologists with the U.S. Geological Survey and state geo-
logical surveys have demonstrated competence in producing
good maps, and the responsibility for basic mapping should be
retained by such personnel and not contracted out. Geologic
relationships drawn on a map are the basis for subsequent
investigations, and bad geologic maps may be worse than no
maps at all.

GEOPHYSICS

There is widespread agreement in the mining industry that the
United States should have a complete airborne magnetic survey
at a suitable scale. The only differences of opinion are whether
it should be done by the government or by private firms on a
contract basis and whether the flight-line spacing should be
close enough to find ore or sufficiently spread out merely to
suggest favorable areas for more detailed examination by the
private sector. Results of this work should be available not only
as a national aeromagnetic map but as separate overlays at
quadrangle scale.

In addition to the application of known geophysical methods,
a great deal can be done in the refinement of present, and
development of new, equipment and techniques. The objec-
tives of such equipment and techniques are to "see" deeper,
with better definition and discrimination and at a reasonable
cost.

GEOCHEMISTRY

Exploration geochemistry is perhaps the best example in the
field of economic geology of research and development by the
government (U.S. Geological Survey), followed by the appli-
cation and further development by industry. There is still much
to be done both in the development of analytical techniques
and in their application to identify exploration targets, for ex-
ample, the investigation of the thermal maturation of indige-
nous organic matter as a guide to the location of a former
thermal halo associated with Mississippi Valley-type lead-zinc
(see Chapter 6) or Carlin-type gold deposits or the use of trace
platinum-group metal to geochemistry to reveal sulfidation of
igneous bodies leading to the development of nickel, copper,
and cobalt deposits (see Chapter 4).

There is a great need for three-dimensional sampling of rocks
in the vicinity of a variety of known deposits and mineralized
districts. The sampling must be carefully controlled geologi-
cally and should include the barren country rocks, host rocks,
and source rocks. Data sought should include not only whole-
rock assays but analyses of selected mineral separates for var-
ious metals and indicator elements. The immediate purpose of
such sampling programs is to acquire knowledge of the identity
and distribution of elements found in abnormally high or low
concentrations, the size and location of anomalies, and the